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A DEVICE AND A METHOD FOR REMOVING SOLIDS 



FIELD OF THE INVENTION AND PRIOR ART 

The present invention relates to a device according to the pre- 
amble of claim 1 for removing solids from a fluid containment 
space, a separator comprising such a device and a method ac- 
cording to the preamble of claim 9 for removing solids from a 
fluid containment space. 

The present invention is particularly applicable for solids re- 
moval from separator vessels utilized in the production of crude 
oil, especially in processes where crude oil must be separated 
from produced water and wherein a liquid mixture of oil and 
water entering the vessel contains solids in the form of sand 
and other sediments. 

The invention may be particularly useful for subsea oil industry 
applications, where out of specification operation may not nor- 
mally be compensated by downstream process steps, and inter- 
vention with a shovel or the like is not an option. 

However, the invention may also be applicable in many other 
types of processes in which solids are present in fluid streams, 
such as waste water treatment and fermentation processes. 

Most crude oils (and/or produced water) contain sand and other 
types of solids. A part of these solids will accumulate at the 
bottom of separator vessels, storage tanks and other fluid con- 
tainment spaces. Accumulation of solids in such vessels and 
tanks may require shutdown of the equipment in order to clean 
out the accumulated solids. Devices for removing accumulated 
solids from fluid containment spaces are previously known. 



These devices typically comprise a hood, e.g. in the form of an 
inverted pan or tray, located at the bottom surface of the fluid 
containment space. Inlet openings are provided in the sides of 
the hood so as to allow fluid communication into the inner 
5 space of the hood from along the bottom surface of the fluid 
containment space. Drain means are provided for removing 
fluidised solids from the inner space of the hood and flushing 
means are provided for directing flushing fluid towards the inlet 
openings of the hood. The flushing means are arranged to jet 
10 flushing fluid along the bottom surface of the fluid containment 
space to fluidize accumulated solids. The fluidized solids are 
then withdrawn from the inner space of the hood by the above- 
mentioned drain means. One such device is e.g. disclosed in the 
patent document US 5,176,838 A. 

15 

A problem associated with this known type of device is sche- 
matically illustrated in Fig. 1. The flushing means 1 will, as in- 
dicated above, cause a fluid flow along the bottom surface 2 of 
the fluid containment space 3. A part of this fluid flow will pass 

20 through the inlet openings 4 of the hood 5 and enter the inner 
space 6 of the hood as desired. However another part of the 
fluid flow will hit the outer surface 7 of the hood and will 
thereby be directed upwards in the fluid containment space 3. 
This will affect the fluids accommodated in the upper part of 

25 the fluid containment space and e.g. disrupt a separation proc- 
ess taking place in the fluid containment space. Thus, the nor- 
mal operation of the appliance equipped with the device usually 
starts producing out of specification products or even has to be 
interrupted during the effectuation of a flushing sequence by 

30 the flushing means. This will cause delays to the processing in 
question, which in its turn will result in lost or delayed produc- 
tion or increased processing costs. Furthermore, there is a risk 
that the time intervals between the flushing sequences will be 



3 



so long that large quantities of solids that might plug the device 
in question will be accumulated in the fluid containment space. 

SUMMARY OF THE INVENTION 

5 

The object of the present invention is to provide a device and a 
method for removing solids from a fluid containment space, by 
means of which it will be possible to eliminate or at least re- 
duce the above-mentioned problem. 

10 

According to the invention, this object is achieved by a device 
having the features of claim 1. According to the invention, at 
least one inlet opening and at least one outlet opening is pro- 
vided on the same side of the hood, the outlet opening or open- 

15 ings being provided on a level above the inlet opening or open- 
ings, and the hood being provided with means for directing flu- 
ids through the outlet opening or openings on said first side of 
the hood from the inner space of the hood to the fluid contain- 
ment space exterior of the hood in an essentially horizontal di- 

20 rection or in a direction towards the bottom surface of the fluid 
containment space. Since a part of the fluids entering the inner 
space of the hood will be recirculated to the fluid containment 
space exterior of the hood, a larger inflow into the inner space 
of the hood is allowed as compared to a correspondingly dimen- 

25 sioned device having a corresponding drain capacity but no out- 
let openings in the hood. This implies that the hood of the in- 
ventive device can be designed with larger inlet openings as 
compared to such a correspondingly dimensioned device. The 
larger the inlet openings, the smaller quantity of fluids will in 

30 connection with a flushing sequence hit the outer surface of the 
hood and be directed upwards in the fluid containment space. 
The outflow from the inner space of the hood is essentially hori- 
zontally directed or directed towards the bottom surface of the 
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fluid containment space, and this outflow will therefore not af- 
fect the fluids accommodated in the upper part of the fluid con- 
tainment space to any appreciable extent. The outflow through 
the outlet opening or openings in the hood will however affect 
5 any vertically directed fluid flow caused by fluids hitting the 
outer surface of the hood in connection with a flushing se- 
quence so as to deflect this vertically directed fluid flow. Conse- 
quently, this outflow will contribute in preventing the fluid 
flows generated in connection with a flushing sequence from 

10 negatively affecting the fluids accommodated in the upper part 
of the fluid containment space. The solids to be removed are 
also kept close to the bottom of the fluid containment space, 
and not spread out to a larger part or the entire volume of said 
space. With the device according to the invention there will be 

15 given possibilities to perform a flushing sequence without hav- 
ing to interrupt the normal operation of the appliance equipped 
with the device, since the fluid circulation caused by the flush- 
ing means can be concentrated to the lower part of the fluid 
containment space. 

20 

According to a preferred embodiment of the invention, the di- 
recting means is arranged to direct fluids through the respec- 
tive outlet opening on said first side of the hood from the inner 
space of the hood to the fluid containment space exterior of the 

25 hood in a direction essentially opposite the flushing direction of 
the flushing means arranged on the first side of the hood. This 
will create improved possibilities for a circulation of fluids be- 
tween the fluid containment space exterior of the hood and the 
inner space of the hood concentrated to the lower part of the 

30 fluid containment space in connection with a flushing se- 
quence. This fluid circulation will, at least essentially, keep the 
fluid flows caused by the flushing means concentrated to the 
vicinity of the hood in the lower part of the fluid containment 



5 



space. Thus, the present invention accomplishes an efficient 
solids removal without creating upset conditions of the separa- 
tion process in the fluid containment space. 

5 According to a further preferred embodiment of the invention, 
at least one inlet opening is provided on a second side of the 
hood opposite the first side thereof for allowing fluid communi- 
cation from the fluid containment space exterior of the hood to 
the inner space of the hood, flushing means being provided for 

10 directing flushing fluid via the fluid containment space exterior 
of the hood towards said at least one inlet opening on the sec- 
ond side of the hood and at least one outlet opening being pro- 
vided on said second side of the hood on a level above the re- 
spective inlet opening for allowing fluid communication from 

15 the inner space of the hood to the fluid containment space exte- 
rior of the hood, the hood being provided with means for direct- 
ing fluids through the respective outlet opening on said second 
side of the hood from the inner space of the hood to the fluid 
containment space exterior of the hood in an essentially hori- 

20 zontal direction or in a direction towards the bottom surface of 
the fluid containment space. By this symmetrical structure of 
the device, a larger area of the bottom surface can be reached 
by the flushing fluids. 

25 Further advantages as well as advantageous features of the in- 
ventive device will appear from the following description and the 
dependent claims. 

The invention also relates to a separator according to claim 8 
30 comprising a separator vessel provided with an inventive device 
at the bottom surface. 

The invention also relates to a method according to claim 9 for 
removing solids from a fluid containment space. 



BRIEF DESCRIPTION OF THE DRAWINGS 

With reference to the appended drawings, a specific description 
5 of preferred embodiments of the invention cited as examples fol- 
lows below. 

In the drawings: 

10 Fig. 1 is a schematical cross-sectional view illustrating a de- 
vice of previously known design for removing solids 
from a fluid containment space, 

Fig. 2 is a schematical cross-sectional view of a device ac- 
15 cording to the invention for removing solids from a 

fluid containment space, 
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Fig. 3 is a schematical perspective view of a part of the de- 
vice according to Fig. 2, and 

Fig. 4 is a schematical view from above of the part illus- 
trated in Fig. 3. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF 
25 THE INVENTION 

A device 10 according to the present invention is illustrated in 
Figs. 2-4. This device comprises a hood 11 arranged or intended 
to be arranged at a bottom surface 12 of a fluid containment 
space 13, e.g. in a separator vessel or a tank 40 in which crude 
oil are to be separated from produced water, and wherein a liq- 
uid mixture of oil and water entering the vessel contains solids. 
One or several inlet openings 14a are provided on a first side 



30 
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15a of the hood for allowing fluid communication from the fluid 
containment space 13 exterior of the hood 11 to an inner space 
16 of the hood. In the illustrated embodiment, the hood 1 1 is 
symmetrically designed. Consequently, one or several inlet 
5 openings 14b are also provided on a second side 15b of the 
hood opposite the first side 15a thereof for allowing fluid com- 
munication from the fluid containment space exterior of the 
hood to the inner space of the hood. 

10 The device further comprises drain means for removing fluid- 
ised solids from the inner space 16 of the hood and flushing 
means for directing flushing fluid via the fluid containment 
space exterior of the hood 11 towards the respective inlet open- 
ing 14a, 14b. 

15 

The drain means comprise a drain opening 17 which opens into 
the inner space 16 of the hood. The drain opening 17 is prefera- 
bly centrally located underneath the hood 1 1 in the bottom sur- 
face 12 of the fluid containment space and is connected to a 
20 drain piping 18. Through this drain opening 17 and drain pip- 
ing 18, fluidised solids are withdrawn from the fluid contain- 
ment space 13 via the inner space 16 of the hood due to the ef- 
fect of a pressure drop established in a suitable manner. 

25 The flushing means comprise jet nozzles 19a, 19b arranged on 
the respective side 15a, 15b of the hood for directing flushing 
fluid towards the inlet openings 14a, 14b of the hood. The noz- 
zles 19a, 19b are arranged to jet flushing fluid along the bottom 
surface 12 of the fluid containment space to fluidize solids ac- 

30 cumulated on the bottom surface 12 and direct the fluidized 
solids into the inner space 16 of the hood through the respec- 
tive inlet opening 14a, 14b. Thus, the solids having entered the 
inner space 16 are fluidised and remain fluidised by the action 
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of the jet flushing. The nozzles are connected to a supply of 
flushing fluid via a supply line 30. 

One or several outlet openings 20a, 20b are provided on the re- 
5 spective side 15a, 15b of the hood on a level above the respec- 
tive inlet opening 14a, 14b for allowing fluid communication 
from the inner space 16 of the hood to the fluid containment 
space 13 exterior of the hood. The hood 1 1 is provided with 
means 21 for directing fluids through the respective outlet 

10 opening 20a, 20b from the inner space 16 of the hood to the 
fluid containment space 13 exterior of the hood in an essen- 
tially horizontal direction or in a direction towards the bottom 
surface 12 of the fluid containment space. In the illustrated 
embodiment, the directing means is constituted by a lower sur- 

15 face 21 of a top part 22 of the hood. The directing means 21 is 
preferably arranged to direct the outflow from the respective 
outlet opening 20a, 20b in a direction essentially opposite the 
flushing direction of the nozzles 19a, 19b arranged on the cor- 
responding side 15a, 15b of the hood. It may be advantageous 

20 to direct the outflow from the openings 20a, 20b towards the 
vessel wall in front of the jet nozzles. 

As illustrated by the arrows in Fig. 2, a circulation of fluids be- 
tween the fluid containment space 13 exterior of the hood and 

25 the inner space 16 of the hood will be established via the inlet 
openings 14a, 14b and the outlet openings 20a, 20b on the re- 
spective side 15a, 15b of the hood in connection with a flushing 
sequence, i.e. when flushing fluid is jetted from the nozzles 
19a, 19b. The device 10 is so designed that it will be possible to 

30 concentrate this fluid circulation to the lower part of the fluid 
containment space 13. 

The illustrated hood 11 is an elongated structure having an in- 
verted V-shape as seen in cross-section. The legs of the inverted 
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V-shape are formed by two opposite side walls 23a, 23b, which 
are inclined towards each other as seen in the direction up- 
wards. The apex of the inverted V-shape is formed by the top 
part 22 of the hood. The outlet openings 20a, 20b are here pro- 
5 vided between the respective side wall 23a, 23b and the top 
part 22 and the inlet openings 14a, 14b between the respective 
side wall 23a, 23b and the bottom surface 12 of the fluid con- 
tainment space. The shape and inclination of the side walls 
23a, 23b as well as the top part 22 of the hood are made in or- 

10 der to avoid the accumulation of solids on top of their outer 
surfaces. The top part may preferably for this purpose have a 
triangular shape, such as a triangular lid. The hood 1 1 as a 
whole may also have any other suitable shape to minimise the 
potential for solids to settle on top of it, which will be apparent 

15 for a person with ordinary skill in the art. 

In the embodiment illustrated in Figs. 3 and 4, the longitudinal 
side walls 23a, 23b of the hood are supported on the bottom 
surface 12 by bar-shaped supporting members 24a, 24b pro- 

20 jecting from the lower edge of the respective side wall 23a, 23b. 
The hood 11 is here provided with several inlet openings 14a, 
14b on its longitudinal sides 15a, 15b. The inlet openings 14a, 
14b are arranged in a row along the respective side 15a, 15b 
mutually separated by the supporting members 24a, 24b. The 

25 supporting members 24a, 24b and the respective side wall 23a, 
23b may be formed all in one piece or constitute separate ele- 
ments. 

The top part 22 of the hood 1 1 is connected to the longitudinal 
30 side walls 23a, 23b by bar-shaped connecting members 25a 
(only shown for side 15a in Fig. 3) projecting from the upper 
edge of the respective side wall 23a, 23b. The hood 11 is here 
provided with several outlet openings 20a, 20b on its longitudi- 
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nal sides 15a, 15b. The outlet openings 20a, 20b are arranged in 
a row along the respective side 15a, 15b mutually separated by 
the connecting members 25a. The connecting members 25a and 
the respective side wall 23a, 23b may be formed all in one piece 
5 or constitute separate elements. 

In the embodiment illustrated in Figs. 2- 4, the top part 22 of 
the hood and its lower surface 21 extend in a horizontal direc- 
tion beyond the outlet openings 20a, 20b. Furthermore, the re- 

10 spective short side 15c of the hood is provided with an inlet 
opening between the side wall 26 of the short side and the bot- 
tom surface 12, but no outlet opening is provided on the shorts 
sides. If so desired, the respective short side 15c could be de- 
signed without any opening, in which case the side wall 26 

15 would cover the entire area of the short side. 

In the embodiment illustrated in Figs. 3 and 4, one nozzle 19a, 
19b is arranged in front of each inlet opening 14a, 14b. The re- 
spective nozzle 19a, 19b points towards the associated inlet 

20 opening 14a, 14b so as to be able to direct flushing fluid to- 
wards the inlet opening 14a, 14b in connection with a flushing 
sequence. The nozzles 19a, 19b on the respective side 15a, 15b 
of the hood are here arranged in a row and connected to each 
other by a pipe 30a, 30b arranged to supply flushing fluid to 

25 the nozzles. If so desired, two or more rows of nozzles 19a, 19b 
may be provided behind each other on the respective side 15a, 
15b. Nozzles belonging to two such rows are illustrated in Fig. 2 
on the respective side 15a, 15b of the hood. 

30 When solids are to be removed from the bottom surface 12 of 
the fluid containment space, the drain means are activated so 
as to allow a withdrawal of fluids through the drain opening 17, 
e.g. by opening a valve arranged in the drain piping 18, and a 
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flushing sequence is initiated. During the flushing sequence, 
the nozzles 19a, 19b jet flushing fluid along the bottom surface 

12 towards the inlet openings 14a, 14b. The flushing fluid will 
fluidize solids settled on the bottom surface and force the fluid- 

5 ized solids together with flushing fluid and other nearby fluids 
from the fluid containment space 13 exterior of the hood 11 into 
the inner space 16 of the hood via the inlet openings 14a, 14b 
on the respective side 15a, 15b of the hood. A part of the fluids 
entering the inner space 16 of the hood is together with fluid- 
10 ised solids withdrawn by the drain means via the drain opening 
17, and another part of said fluids is made to flow from the in- 
ner space 16 of the hood back to the fluid containment space 

13 exterior of the hood in an essentially horizontal direction or 
in a direction towards the bottom surface 12 of the fluid con- 

15 tainment space through the outlet openings 20a, 20b. 

During a first mild flushing mode the nozzles 19a, 19b are 
made to jet flushing fluid at such a rate than the circulation of 
fluids between the fluid containment space 13 exterior of the 

20 hood and the inner space 16 of the hood via the inlet openings 
14a, 14b and the outlet openings 20a, 20b will essentially only 
affect the fluids in the lower part of the fluid containment space 
and leave the fluids in the upper part of the fluid containment 
space essentially unaffected by the circulation. This mild flush- 

25 ing may be performed continuously or intermittently with suit- 
able intervals without having to shut down the appliance asso- 
ciated with the fluid containment space. 

During a second heavy flushing mode the nozzles 19a, 19b are 
30 made to jet flushing fluid at a higher rate than during the mild 
flushing mode. The heavy flushing mode is intended to be used 
when a more powerful flushing is required for removing the sol- 
ids, e.g. when larger amounts of solids or more compact solids 
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have been settled on the bottom surface of the fluid contain- 
ment space. In the heavy flushing mode, the appliance associ- 
ated with the fluid containment space is intended to be shut 
down. The heavy flushing mode is only expected to be used af- 
5 ter a period of unavailability of the continuous or intermittent 
flushing, caused by operational problems or erroneous opera- 
tion. 

The device 10 according to the invention is suitable for use in a 
separator vessel, such as a gravity separator, for removing sol- 
ids settled on the bottom of the vessel. In Fig. 2, the device 10 
is illustrated located on the bottom surface 12 of a separator 
vessel 40 having a cylindrical cross-section (only the lower part 
of the separator vessel 40 is shown in Fig. 2). The device ac- 
cording to the invention is of course not limited to this use. On 
the contrary, it may be used in any type of fluid containment 
space where solids are accumulated on a bottom surface. The 
inventive device may also be located in a vessel having another 
geometrical cross-section or shape, such as a squared cross- 
section depending on the specific industrial application. 

The invention is of course not in any way restricted to the pre- 
ferred embodiments described above. On the contrary, many 
possibilities to modifications thereof will be apparent to a per- 
25 son with ordinary skill in the art without departing from the 
basic idea of the invention such as defined in the appended 
claims. 

The inventive device does not for example necessarily have to be 
30 symmetrically designed, such as in the exemplary embodiment 
shown in the figures. The hood including the side walls and the 
top part may for instance have other designs than shown in 
Figs. 2-4. 
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